Abstract: Background Metabolic syndrome (MS) has a great impact on cardiovascular mortality and morbidity. Our aim was to investigate the association of MS with some oxidant and antioxidant markers, including pro-and antioxidant status of peripheral blood mononuclear cells (PBMC) in newly diagnosed type 2 diabetic mellitus patients (ND-T2D). Methods 219 ND-T2D and 88 healthy subjects were divided in two groups according to the absence or presence of MS. Anthropometric measurements, routine blood tests, total oxidant status (TOS), total antioxidant status (TAS) and ELISA measurements were included. The PBMC capacity to release free radicals and to neutralize them was also determined by measuring the respiratory burst (RB) together with the lactonase activity of the intracellular antioxidant enzyme paraoxonase 2 (PON2). Results Comparing ND-T2D MS+ with those MS-the RB of the PBMC was significantly higher (p<0.05) while lactonase PON2 enzymatic activity was decreased (p < 0.001). A negative correlation of RB was found with TAS (r = -0.416, p < 0.05). PON2 was also negatively correlated with glycaemia (r = -0.275, p < 0.001), HbA 1c (r = -0.308, p < 0.001), weight (r = -0.183; p < 0.05), waist circumference (r = -0.353, p < 0.001) and body mass index (r = -0.290, p < 0.001). Conclusion PON2 lactonase activity is negatively associated with anthropometric markers in ND-T2D with MS.
Introduction
Metabolic syndrome (MS), a collection of cardiometabolic risk factors, invariably associated with obesity, central distribution of body fat, dyslipidemia and hypertension [1, 2] is often characterized by oxidative stress, an imbalance between the production and inactivation of reactive oxygen species [3] .
Unlike Paraoxonase 1 (PON1) and PON3 that are associated with high-density lipoproteins (HDL) in plasma [4] , PON2 is not linked to HDL being an intracellular enzyme expressed ubiquitously [5, 6] . All three PONs are antioxidant enzymes and lactonases, but PON2 displays the highest activity hydrolyzing a number of acylhomoserine lactones [7, 8] .
Therefore, in the development of microvascular and macrovascular complications of type 2 diabetes (T2D) the disturbance of oxidant-antioxidant balance plays an important role [9] . Taking these into account by lowering the intracellular or local stress of a cell, PON2 is able to prevent the oxidation of low density lipoproteins (LDL), protecting lipoproteins from oxidative modifications [5] .
Increase in oxidative stress due to persistence in the circulation of triglyceride-rich lipoproteins as chylomicrons (CM) and very low density lipoproteins (VLDL), together with hyperglycemia [10] is intricately linked to alterations in Monocyte/Macrophage (Mo/Mᴓ) function [11] . Release of free radicals by the respiratory burst (RB) of peripheral blood mononuclear cells (PBMC) increases in diabetes and is proportional to the levels of glucose and triglycerides in the blood [12, 13] . Increased peroxidation of lipoproteins contributes to foam cell formation by facilitating lipid uptake into macrophages [14] and is also potentially modulated by the intracellular antioxidant capacity of the Mo/Mᴓ, which is mainly ensured by antioxidant enzymes and could thus delay atherosclerosis [15, 16] .
We aimed to investigate the impact of metabolic syndrome on some oxidant and antioxidant markers, including pro-and antioxidant status of peripheral blood mononuclear cells in newly diagnosed type 2 diabetic patients (ND-T2D).
Methods
219 newly (within 6 months) diagnosed patients, 115 females (mean age 61 ± 10 years) and 104 males (mean age 57 ± 10 years) with type 2 diabetes from outpatients treated at the National Institute of Diabetes, Nutrition and Metabolic Disease (NIDNMB) "Prof. N.C. Paulescu" were selected. The study was approved by the Ethics Committee of NIDNMB "Prof. N. Paulescu" and all participants signed informed consent before inclusion in the study.
Diabetes was diagnosed according to the WHO (World Health Organisation) criteria: serum fasting glucose ≥ 7.0 mmol/L (126 mg/dL), or 2 hour serum glucose obtained after an oral glucose tolerance test (OGTT) ≥ 11.1 mmol/L (200 mg/dL), or an HbA 1c ≥ 49 mmol/mol or a random plasma glucose ≥ 11.1 mmol/L (200 mg/ dL) in patients accompanied by classical symptoms such as polyuria, polyphagia, polydipsia as well as a weight loss [17, 18] . The diabetic group was divided in two subgroups according to the presence (MS+) or absence (MS-) of metabolic syndrome (MS) diagnosed according of consensus definition [19] with three or more of the following criteria included: (i) increased waist circumference (WC): ≥ 94 cm for men and ≥ 80 cm for women, (ii) elevated triglycerides: ≥ 1.70 mmol/L or specific treatment for this lipid abnormality, (iii) decreased HDL-cholesterol: < 1.03 mmol/L in men, < 1.30 mmol/L in women, or specific treatment for this lipid abnormality, (iv) increased systolic blood pressure ≥ 130 and/or diastolic ≥ 85 mmHg, or antihypertensive drug treatment in patient with history of hypertension, and (v) increased fasting glucose > 5.55 mmol/L, or drug treatment of increased glucose.
88 healthy subjects, 30 females (mean age 53 ± 12 years) and 58 males (mean age 49 ± 14 years) were recruited as control group, without any suspicion of diabetes or glucose intolerance (normal glycemia as well as HbA 1c < 44 mmol/mol).
The exclusion criteria for all subjects were: hemodialysis treatment, acute ischemic cardiovascular disease, hemorrhagic stroke, urinary infections, epilepsy or other severe diseases (e.g. hepatic failure, cancer or gangrene) and also, use of vitamins, minerals, or other supplements in the previous month, excessive alcohol consumption (ethanol > 20 g/day) and pregnant women.
After an overnight fast, blood samples were collected into vacuum tubes with no (for routine blood tests and ELISA measurements) or EDTA-containing (for isolation of PBMC, fructosamine, TAS and TOS). A volume of 10mL from each sample containing EDTA was immediately used for isolation of PBMC for Respiratory Burst (RB) and paraoxonase 2 (PON2) while serum in the remained sample (10 mL) after centrifugation was stored at -80°C until required.
Anthropometric measurements included: weight, height, Body Mass Index (BMI; kg/m 2 ) and visceral fat (%) assessed using a bioelectrical impedance analyzer (Body Composition Analyzer MC-980 TANITA).
Routine blood tests including the concentration of fasting glucose, HbA 1c , total cholesterol, HDL-cholesterol ("high density lipoprotein"; HDLc), total triglycerides (TG), urea, creatinine and uric acid were measured using current biochemical methods on a Hospitex Diagnostincs Eos Bravo Forte Analyser. Serum concentrations of insulin, proinsulin, C peptide, leptin and adiponectin were determined by ELISA method on Multiskan Ex-Thermo Electro Corporation using commercially available kits (EIA-2935, EIA-1560, EIA-1293, EIA-2395 and respectively EIA-4177; DRG Instruments GmbH, Germany) following the manufacturer's guidelines. The coefficient of variation (CV) was respectively 2.2%, 4.86%, 6.12%, 6.43% and 5.66%. LDL-cholesterol ("low density lipoprotein"; LDLc) was calculated according to the Friedewald equation [20] and HOMA-IR ("Homeostasis Model for Insulin Resistance") was recorded as [glycemia (mmol/L) × insulinemia (μU/ mL)]: 22.5 [21] .
Fructosamine was done by using the CAIMAN kit (CV = 5%) using a colorimetric assay method based on the ability of ketoamines to reduce nitrotetrazoliumblue (NBT) to formazan, measured photometrically at 546 nm in an alkaline solution. Plasma total oxidant status (TOS) and total antioxidant status (TAS) were done using the kits no. KC5100 (CV = 2.94%) and no. KC5200 (CV = 3.99%) respectively, both photometric tests from Immundiagnostik.
Isolation of peripheral blood mononuclear cells (PBMC) and measurement of Respiratory Burst (RB):
PBMC were isolated by density centrifugation on FicollPaque™ Plus (1.0077 g/mL) at 630 g for 30 minutes. Cell viability by Trypan Blue exclusion was ≥ 90%. The ability to produce a RB was monitored by luminol-enhanced chemiluminescence method [22] . In short, to PBMC (0.3 × 10 6 cells) washed twice and resuspended in 1mL PBS, dark-adapted luminol was added. After monitoring spontaneous chemiluminescence for 15 min, the RB was initiated by adding of 100 μL phorbol 12-myristate 13-acetate (PMA) (final concentration 5.4 µmol/L) or opsonised Zymosan (ZO) (final concentration 0.83 g/L) and the maximum chemiluminescence peak was recorded (Luminoskan Ascent® 392, LabsystemsEx-Thermo Electro Corporation). Chemiluminescence production was expressed as the Relative Chemiluminescence Units over time (RLUX60min).
Paraoxonase 2 lactonase activity was measured towards dihydrocoumarin at 270nm using a continuously recording CECIL-CE 1010 UV/VIS spectrophotometer. Protein concentration was determined using the method of Bradford [23] . PBMC cells (30 × 10 3 ) after collection were washed (2X) with PBS and enzyme activity was measured using 1000 µg protein/mL by adding 100 µL cells to 1900 µL Tris buffer (25 mmol/L Tris/HCl, 1 mmol/L CaCl 2 , pH 7.6) containing 1mmol/L DHC. One unit of lactonase activity is equal to 1 µmol of DHC hydrolyzed/mL/min using the extinction coefficient of 1295 M 
Statistical Analysis
Differences between groups were analyzed with Epi Info 7.1.0.6 statistical software (Centre for Disease Control, Atlanta) using Student t-test on independent samples. Correlations between parameters were evaluated by the Pearson test. A value for p < 0.05 was considered statistically significant. Testing the normality of the distribution of variables was performed using the Kolmogorov-Smirnov test. The variables without a normal distribution were log-transformed to normalize the distribution and subsequently analyzed. For uniformity, results were expressed as mean ± standard deviation (SD)/ standard error of the mean (SEM) for all parameters.
Results
The clinical characteristics and routine biochemistry of the healthy subjects and diabetic patients are shown in Table 1 . Notably, there was no significant difference in the ages of T2D patients and control subjects. Comparing people with T2D MS-with those MS+ for anthropometric markers we found that weight, waist circumference and BMI were decreased in the first group (p < 0.001). Also, serum uric acid and ALT levels were decreased when comparing MS-with MS+ but only in the T2D group.
With regard to ELISA results, control subjects (MS-) and (MS+) had no differences in insulin, proinsulin, C peptide and leptin levels while all were significantly higher in T2D group MS+. As expected, people with T2D and MS+ also had lower adiponectin concentrations ( Table 2) .
TOS results in the T2D group MS+ and MS-are presented in Figure 1A while TAS results for the studied T2D groups are presented in Figure 1B . Figure 2 presents the results obtained for Respiratory Burst (Figure 2A ) and lactonase PON2 enzymatic activity ( Figure 2B ) in patients with T2D with or without MS.
Discussion
Several studies mentioned the components of MS, glucose intolerance and obesity, as causing changes of oxidative stress markers [25] [26] [27] [28] . Moreover, it has been shown that measurements of abnormalities in oxidative status in PBMC cells comparing to total oxidant/antioxidant capacity could be a useful indicator of the progression of the disease related with accelerated atherogenesis [10] .
In this study, we analyzed TOS and TAS as the overall markers of oxidative stress and the pro-and antioxidant status of peripheral mononuclear cells (PBMC) by measuring the RB and PON2 lactonase activity, respectively, in ND-T2D patients. Out of the anthropometric markers studied, we found that both WC and BMI were most correlated with PON2 enzymatic activity. It is notable that with the increased numbers of MS criteria PON2 lactonase activity in Mo/Mᴓ decreased.
TOS was increased (p < 0.001) in the MS+ group with T2D ( Figure 1A ), but not in MS+ group without diabetes. There was no significant difference between the two groups in TAS ( Figure 1B ). Respiratory Burst of PBMC was significantly higher in patients with T2D and MS+ (p < 0.05) (Figure 2A) , while lactonase PON2 enzymatic activity was decreased (p < 0.001) ( Figure 2B ). For diabetes, a negative correlation of TAS was found with RB LM/PMA (r = -0.416, p < 0.05).
In this study, PON2 was negatively correlated with weight (r = -0.183; p < 0.05), with WC (r = -0.353, p < 0.001) and BMI (r = -0.290, p < 0.001). Moreover, the PON2 was negatively and TOS positively correlated with the number of metabolic syndrome criteria, r = -0.406 (p < 0.001) and r = -0.280 (p < 0.05) respectively. PON2 was found to be negatively correlated with glycaemia (r = -0.275, p < 0.001), HbA 1c (r = -0.308, p < 0.001), HOMA-IR (r = -0.204, p < 0.05), proinsulin (r = -0.165, p < 0.05) and C-peptide (r = -0.180, p < 0.05). For controls, proinsulin was found to be negatively correlated with RB (r = -0.272, p < 0.05) and C-peptide with PON2 (r = -0.250, p < 0.05). Insulin positively correlated with leptin (r = 0.167, p < 0.05) and negatively with adiponectin (r = -0.123, p < 0.05). No correlation was found between RB and leptin or adiponectin.
In a recent paper, Savu et al. showed that patients with uncomplicated T2D improved their total antioxidant capacity of plasma despite high levels of oxidative stress [29] . Our results indicate also that the plasma TOS is increased in MS+ type 2 diabetes group while plasma TAS was not significantly modified. We should note that the activity of cellular antioxidant enzymes, as the PON2, may have a crucial role. The PON2 enzyme has been known for many years as an intracellular membrane-associated protein that protects against oxidative stress [5, 30] and in our study was found to be decreased in MS+ group. This could suggest a close relationship between intracellular ROS and antioxidant enzyme PON2 in PBMC, increased oxidative stress being associated with metabolic syndrome as a hallmark of the patient that often develops atherosclerosis.
Conclusion
Our study highlights the prooxidant/antioxidant imbalance in PBMC from diabetic patients with metabolic syndrome. PON2 low activity and increased NADPH oxidase activity in PBMC is influenced by MS presence. Oxidative stress induced by hyperglycemia associated with the presence of MS can be one of the risk factors that occur early in the natural history of diabetes. Further studies are necessary to validate early oxidant/antioxidant biomarkers even before the onset of hyperglycemia, with the development of potential non-invasive therapies to improve diabetic condition. 
